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PREFACE
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Systerms Rsesrwch Laboratories Inc., 260 hufdian Ripple Road. Dayton, Ohio.

The author, acinoldge the asltance of MSgt Gregory D. Bathgte, TSgt Steen D. Bole, and O Ogt Ken-
net FE RIM for ther aito n and stup of the Instrm entation, ad Mrs.anda Noble for p In preparing
thi report. Photormph by TSgt An y Smt.
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INTRODUCTION

This report describes the mehdoogy of an electroopticl arragement suited for coati e -le-r-r -n
(ERG) signals from rhesus monkeys In a nontraumt fashion. The ERs were coNet under two dlerent
environmental conditions. First, the monkeys were p In the USAF Medical Centers P!ysiologil Traiing
Division altitude chamber. Then study was rerun with the mnkes pieced on the AFAMALS Dynamic
Environment Simulator. The ERG signals were analyzed for correlation with ceral tlsue P0M dat obtained
by Invasive polarographic methods. We hope the reeults found by the correlation, which wererepoled by Kloen
et al. (1980) and Karl et al. (1980) wll a1low determination of cerebral tissue PO byievaluating nontraumatic ER0s
during environmental stress. Such stress may Include acceleration or high altitude oxygen depristion. In the
past determination of cerebral tisse P0 has been limited to Invasve technkiue that restrict Its applcations.

The ERG method described In this paper may have applications In tasks other than PO m. AN
Information needed to duplicate the Instrumentation Is given In detail.
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APPROACH

Slgniicant Information concerning the needed opto-electraon arrangement (Intenrsty of %K rpedo rale
electrode aultablity, ampler -chara e etc.) was not available when we started this project. At firet, we
assumed that Wng ftshee of light (of >400 WjouIe/cm* retinal per flash ), a supplied by a xenon fsh lamp.
wOre needed to obtain usu uignale when performing the electrrengraphy for this prnojct. During pre-
mInary Investigations, tow Intensity light (-0.2 pJouleemW retinal per ash) was det ned uflilent to
prdc use" 09

During the early phae of this task an Intolerable number of signal artfcts were caused by muscle movements
and to maintain good elctrlice contact ovr a prolonged time was practically Imposelble with some types of
eslctrodes. ntialy. commercially avalaoble mylar coated elactrodee (Inserted under the eqyvld) were used for the
ERG. Strong artifacts were produced by the mylar electrodee and their ignl-prodcing capability detriorated
In about 3 or 4 minutes. Another poablem was that the lver-liver-cloride electrodes used for the eectro-1cardiograph (ECO) y1sided significant dc potental differencas betwe themselves and the mylor electrode.
Thus sllver-eslver-chlorlde electrodes wer used for both the EGG and ERG. Howeer, ean with the cwe token
In choosing the type of electrodes, reliable ERG signals could only be obtained by signal averaging (using a
Nlcolet model No. 1072) The signal-averaging Inetrument requires sync pulses for correlation with the dlred
sections of the ERG to be analyzed. Therefore sync pulse. Indicating the occurrence of light flashee, were
recorded simultaneously with the ERG on a multichannel analog tape recorder.

As stated previously, at the start of this endeavor we assumed that strong flashes of light were needed for
obtaining sufficlent ERG signal amplitudes, but found that the relationship between light amplitude and ERG
amplitude was nonlinear over the range obeerved. This nonlrer relationship was not Investigated further.

In the beginning of the Investigation the Super Strobe from Diversltronics (Model Luma Power Super Strobe
Serial No., 5122) gave erroneous tram becaue the strobe syncronlizee with the 60 Hz power line frequency.
Since the 60 Hz ae time locked to the ERG stimulus, It appears on the summed potential. f the 6 Hz were
random with respect to the stimulus, It would average out. Thus, the strobe approach was abandoned; and a
300-waft Kodak side projector with an electromechanical Uniblitz shutter we used. Fgurs 1 srd 2 show the
detailed fina arrangement used for obtaining the electroretinal signals that were correlated with the cerebral P0,
during baseline and experimental conditions.
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INSTRUMENTATION

The instrumentation used in collecting the bloesctrlc signals during the centrifuge studies is shown in Figures
1 and 2. The altitude chamber studies were conducted with essentially the same equipment. Configuration
differences used in the altitude chamber are also discussed.

CENTRIFUGE

The oxygen monitor, TV camera, electrorectinogram (ERG) amplifier, electrocardiograph (ECG) amplifier, light
source (Kodak Carousel slide projector), shutter, shutter driver, 2-Hertz shutter driver oscillator (Figure 3), and
sync pulse generator were all mounted outside the centrifuge cab on the platform shown in Figure 4. Care was
taken to Insure that all equipment would operate satisfactorily under the stress of high acceleration. The
Carousel light source, In the course of the studies, was subjected up to 5 G for more than 24 runs without any
noticeable degradation in its performance.

The signals obtained from this equipment were fed through the centrifuge slip-rings to instrumentation in the
monitoring room. The ECG and ERG signals were amplified to at least one volt before being sent through the
slip-rings to minimize the effect of slip-ring noise.

ALTITUDE CHAMBER

In the altitude chamber studies, the Carousel projector, shutter, shutter driver, shutter driver oscillator, P0 2
monitor, and sync pulse generator were located inside the chamber with the subject. Instead of the digital1 readout Critikon Model 4000 INVIVOXTm shown In Figure 2, one with a d'Arsonval movement, called the CritIkon
Model 145 Multi-Purpose Differential Oxygen Analyzer, was used. The P02 analyzer was read through the
observation window of the chamber. Both Critikon models are battery operated and therefore Isolated from
ground to avoid possible shock hazards Involving the P02 implanted probe.

The ERG and ECG electrode cables were run via tubes through the altitude chamber wall to their respective
amplifier located outside the chamber. A sync pulse cable and a cable to provide remote ON/OFF control of the
shutter oscillator were also run out of the chamber. The tube space not occupied by the cables was sealed to
make the chamber air tight.

The front surface mirror shown In Figure 1 was not used in the altitude chamber. Instead the light went directly
from the projector onto the face of the diffusing globe. In both cases the light patch was fixed at 25 Inches. The
Carousel projector was not used to project slide images, but only as a light source. Figure I shows the various

photometric and radiometric measurements taken at points in the light patch of the centrifuge configuration.

In both the centrifuge and altitude chamber studies, the ECG, ERG, and sync pulses were recorded on a
7-channel analog tape recorder. The ECG and ERG were recorded with the tape recorder input sensitivity set to
5Vpp while the Input sensitivity for the sync pulses was set to 1OVpp. The tape recorder was set at 7"A from Ips,
which provided a 2.5KHz bandwidth.

A closed-circuit video system consisting of the TV camera and monitor was used on the centrifuge to read the
PO values and yet keep the oxygen monitor Isolated from any ground connections. As previously mentioned,
the PO analyzer placed in the altitude chamber was read through the chamber's window.

The sync pulse generator used in the studies provided the information when the shutter was open. The Carousel
light source was kept on during the runs. The 2-Hertz oscillator driving the shutter, located in front of the
projector, was turned on and off by means of a remote control switch. The shutter remained open 10 nllseconds
for each oscillator pulse It received.

6
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The sync pulse generator used a photo transistor positioned to detect the occurrence of flashes. The pulses
obtained from the phototransistor were recorded on tape and later used to sync the Nicolet Instrumentation. The
Nicolet was used to compute the average transients of the ERG for a series of 64 light flashes as denoted by 64
sync pulses. The Nlcolet converted the analog signal to digital, summed the sixty-four 250-millsecond records
and displayed the results on a CRT plot of ERG amplitude versus time. An x-y recorder was used to make a

permanent copy of the CRT display.

EYE SAFETY CONSIDERATIONS

Since a shutter was used to obtain pulsed light from a continuous wave light source, the worst case to be
considered for a safety analysis Is that the shutter might stay open. If one finds that the light level Is safe for even
that condition, then it Is safe for all shutter operating conditions. Hence, the safety calculations presented here
are made for an open shutter, that Is, under continuous wave conditions. The calculations show that the
configuration satisfies present AFAMRL safety standards.

For cw conditions, the relationship between a pupil dose Np [W] for a measured corneal dose NC0 [W/cm2l for a
given pupil diameter dp [cm] is given by

N, = NCO X Ap

where AP = r(dp)
4

Let dp = 0.35 cm for a non-human primate. The NCO radiometric measurement Inside the globe was 0.3 X
10- 3W/cm 2 ± 35%. (The ± 35% is because of varying eye position).

Therefore

N, = 0.3 X 10- 3W/cm
2 X , CM)2]

=NP 0.0289 X 10- W = 28.9 pW

Now one has to determine or to assume over what retinal area [A.] this N, is distributed. The following sketches
and calculations show how the distribution of Np was determined.

diffusing globe

Ssubject's head

Q180 0

irr
- (22)(180) -66.4

r (19)
where Q = 22 centimeters (See Figure 1.)

r - 19 centimeters

For the above r, consider the effective focal length (f of monkey's eye to be 12.6 mm. From the well known

relationship r + - , one finds for r - 19 cm that b - 13.5 mm.

9



Id 13.5
retina

tan - tan 33.20 -
13.5

d/2 - (13.5) X (.054) - 8.8 mm

d = 17.6 mm - 1.76 cm

The retinal area of the monkey's eye [A,J is 4 which equals 2.43 cm

Hence the pupil dose of 28.9 jW was spread over an area of 2.43 cm2 (eye transmission ve- 1).

Therefore the retinal density N,, for cw would be
- ! 28.9 uW

== 11.9 NW/cm2 retinal ± 35%
which for the cw value is

11.9i4-- = 0.30 - 30% of the Farmers' Standard

The 40pW/cmW value denoted as the "Farmers' Standard" was derived for experiments conducted at AFAMRL
with human subjects. Its derivation is explained In Appendix B. It is applied hre to the eye safety calculations
involving monkeys. Basically, the 40,uW/cm2 is the retinal power value that occurs (assuming eye transmision
of Ve = 1) when a farmer Is subjected to the sun in a field on a bright day with a ground reflection VG - 0.1.

However, since the 11.9 X 10-W/cm2 Is for cw, meaning 11.9 X 10-6 J/sec- I cm- 2 and since only two pulses
per second with a duration of 10 milliseconds per pulse were used, the effective time (tn) Is only 20 mllseconds
per second. Therefore, the 11.9 X 10-6 J sec - cm- 2 energy value has to be corrected for that situation. That
Is, 20 millisecond per second means only 20/1000 of the time was used. Thus. 1(11.9 X 10-0 J sec-1
cm-)] /50 ± 35% which Is 0.238 X 10-

4 J sec- 1 cm -2 ± 35% was actually Incident to the retina.

If the high power setting were used on the Carousel projector, the measured light Intensities would be Increased
by approximately 33%.

The previous calculations show that 30% of the Farmers' Standard value Is attained under the open shutter
condition I.e., shutter failure. Therefore the st up Is considered safe.

10
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CONCLUSION

The technology presented In this report proved to be a valuable investigative tool In experimentation carried out
In our laboratory using nonhuman primates (Kissn et al., 1980).

For Investigations Involving human subjects, the volunteer would not need to be placed inside of a diffusing globe
(see Figure 1) but could be located behind a ground glass screen. The globe was needed for the monkeys since
they may not always be looking straight ahead. The ERG method of this paper is nontraumatic compared with
other methods using comeal electrodes.

The eye safety data used In this report are based on the AFAMRL safe exposure standard (40,W/cmP) for
humans for unlimited exposure time, hence was considered applicable to the rhesus monkey.

11



APPENDIX Af EQUIPMENT SPECIICATIONS

Computer Average of Traniso en to

The following Instrumentation was used to sum the ERG recordings for analysis.

1. NICOLET Instrument Corporation
Model NIC-283A
Magnetic Tape Coupler

2. NICOLET Instrument Corporation
Model 1072 Instrument Computer
Settings used: 1024 mag/dlv (y axis) Vertical Display Scale

250 moec/scan (x axis)
autostop setting - 64

3. NICOLET Instrument Corporation
Model SD-72/2A Two Channel Signal Digitizer
Input A Settings used: filter time constant - 4 miliseconds

DC Level and Gain - 4
Resolution - 9 bitsI 4. NICOLET Instrument Corporation

Model SW71B Wide Range Sweep Control
Settings used: Dwell time - 244 sec

trigger -+

SRI LOW GAIN WOPOTENTIAL AMPLIFIE

The module meets the following requirements:
Responses: 0.05 to 5000 Hz
Input: differential
Input Impedance: > 2 megohm:1Common Mode Rejection: 90 db at 60 Hz not damaging
Input Noise: < 3 microvolts rms (shorted Input)
Gain: adjustable In 4 steps

1000, 2000, 5000.,10000
Output: ± 10 volt

Oft. HIGH GAIN OPONTENTIAL AMPLIFIER

The high gain blopotentlal amplifier specifications are Identical to the specification for the low gain blopotentlal
amplifier, with a few exceptions.

Response: 0.5 to 5000 Hz
Gain: adjustable In 4 step

10000,20000,50000,100000

12



APPENDIX M

"FARERSSTANDARD"

The following Is a brief synopsis of the "Farmers' Standard" which was conceived by coatho RICH. Gabel.
Te"Farmeors' Standard" Ibaeonthe following facts orassertions:

1. The Incident power of the sun's radiation N,. at noon, on a cloudlees day, at as level, on the ground is
apprximaelysqual to 115S mw/cm'. This value of N, Is for a A from 200 nm to 1.45 prm as spectrally tabulstled

by Geblh et aI, "An Introduction to the Problem of Phoogaphing Artificial Sat~',es" the Ohio Journal of
Science 62(4) 191. July 1062.

2. The average reflection of the ground ,pjQ)' as ordinarily experienced by a farmer, is aseumed to be 10
percent for white light.

3. The transmission efficiency of the human ey QXM for white light is about 50 percent.

4. The effective focal length of the human eye f% Is approximately equal to 17 miUlnfmers

5. The effectie pupil diameter dp of the human eye (variable from 2 millimeters to 7 milmeters) is about
2 millimeters for bright dayligt.

The relationship of these five parameters to the retinal power Incidence Nm Is expressed by the equation

Np- - 2OiaW/cmf4 (17/2f 280

* By neglecting the transmission efficiency of the eye, the power incident on the rna" Is 4O,%W/cms. This
40ogW/crn value Is denoted as the 'Farmers' Standard".
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